Rates of surgery for nonmalignant colorectal polyps are increasing in the United States despite evidence that most polyps can be managed endoscopically. We aimed to determine nationally representative estimates and to identify predictors of in-hospital mortality and morbidity after surgery for nonmalignant colorectal polyps.
INTRODUCTION
In the United States, more than 6 million screening colonoscopies are performed annually, and the detection and removal of colorectal polyps by endoscopic polypectomy has been associated with reduced long-term risks of colorectal cancer (CRC) incidence and related death (1) (2) (3) . In approximately 4%-11% of colonoscopies, a large colorectal polyp (.20 mm) will be identified, most of which can be removed endoscopically (4) . In expert hands, endoscopic resection of complex colorectal polyps has low complication rates and offers several advantages to surgery; polypectomy typically is an outpatient procedure, avoids abdominal incision, preserves bowel anatomy and function, is associated with fewer adverse events, is less costly, and does not preclude subsequent surgery should it be required (5) (6) (7) (8) .
Although most polyps can be removed endoscopically, partial colectomies are frequently performed for nonmalignant colorectal polyps in the United States. In an analysis of the National Inpatient Sample (NIS), Peery et al. (9) demonstrated a significant increase in the incidence of surgery for this indication between 2000 and 2014, from 5.9 to 9.4 surgeries per 100,000 adults. By contrast, rates of surgery for malignant CRC decreased during the same period, from 31.5 to 24.7 surgeries per 100,000 adults, whereas rates of colonoscopy performed for screening have remained stable. The reasons underlying the increased rates of surgery for nonmalignant colorectal polyps over time are unclear (10, 11) .
For patients, the decision to undergo surgery should be informed by an understanding of the risks and benefits associated with the available treatment options. Previous estimates of operative risks for resection of nonmalignant polyps have been primarily derived from case series, with postsurgical mortality estimated to range from 0.5% to 1.6% (12) (13) (14) (15) . More recently, Peery et al. used the National Surgical Quality Improvement Program (NSQIP) database to evaluate outcomes in 12,732 patients who underwent elective surgery for a nonmalignant colorectal polyp (8) . The 30-day mortality rate after surgery was 0.7%, and the risk of a major postoperative adverse event was 14%. Although this study provided estimates from a large, prospectively collected database, these rates may not be generalizable to the US population as the NSQIP disproportionately samples tertiary care academic hospitals and encompasses a quality assurance program that may improve the outcomes (16) .
To aid clinicians and patients in making informed treatment choices, we aimed to determine a more precise, nationally representative average estimate of postoperative mortality and morbidity after surgery for nonmalignant colorectal polyps and to identify factors associated with adverse outcomes.
METHODS

Study design and population
We performed a retrospective analysis of data collected from the Healthcare Cost and Utilization Project (HCUP) NIS Database for 2005-2014. The NIS is an all-payer administrative health database that captures information from more than 7 million inpatient admissions at over 1,000 hospitals across the United States annually. Weighted data yield national estimates for more than 35 million hospital admissions (17) . Adult patients ($18 years old) with a diagnosis of a colonic or an anorectal nonmalignant polyp (International Classification of Disease, Ninth Edition, Clinical Modification [ICD-9] CM codes 211.3 or 211.4) who underwent colectomy or proctectomy (17.3-17.39, 45.7-45.79, or 48.4-48.6) were identified. To minimize misclassification by surgical indication, patients with intestinal perforation, inflammatory bowel disease, diverticulitis, or CRC were excluded. Patients who underwent total abdominal colectomy were also excluded, which occurs more commonly in patients with familial adenomatous polyposis syndrome. Surgical procedures were categorized as either open or laparoscopic and by location of resection (left colonic, right colonic, other colonic, or rectal). These administrative codes have been previously used to evaluate temporal trends in surgical rates for nonmalignant colorectal polyps (9) .
Outcome definitions
The primary outcome was in-hospital death after surgery. The secondary outcome was incidence of postoperative morbidity, defined as a composite of one or more of the following recorded adverse events: wound-related, infectious, urinary, pulmonary, gastrointestinal, cardiovascular, and intraoperative adverse events. Complete definitions of postoperative morbidity are summarized in Supplemental Table 1 (see Supplementary Digital Content, http://links.lww.com/AJG/B290).
Statistical analysis
The NIS uses a stratified sampling design: to produce national figures, survey weights provided by the HCUP were applied to generate discharge-level estimates. In 2012, the NIS sampling strategy was redesigned. Therefore, revised survey trend weights for 2005-2011 were applied to make estimates comparable with the survey design for 2012-2014. Patient demographics and hospital characteristics are presented using descriptive statistics. Rates of postoperative in-hospital mortality and morbidity were calculated and expressed as proportions and per 1,000 surgeries. Multivariable logistic regression modeling was performed to evaluate predictors of adverse postoperative outcomes. Covariables were chosen a priori, and it included age, sex, race, primary method of payment, Charlson Comorbidity Index (18) (CCI 0, 1, $2) (19) , open vs laparoscopic surgical technique, hospital type (rural vs urban [.10,000 residents], teaching vs nonteaching; teaching hospitals were defined by having an Accreditation Council for Graduate Medical Education-approved residency program, being a member of the Council of Teaching Hospitals, or having a ratio of interns/residents to beds of $0.25), hospital region, and by hospital colectomy volume (,10 colectomies/yr, 10-49 colectomies/yr, and $50 colectomies/yr). Effect sizes are expressed as adjusted odds ratios with 95% confidence intervals (CIs). Mean length of stay (LOS) and total hospitalization costs (expressed in US $) were compared between patients with and without postoperative adverse events using an adjusted Wald test. Time trend analyses on mortality and morbidity rates were performed by calculating the annual percent change (APC) using a generalized linear model assuming a Poisson distribution. Joinpoint regression was used to assess for significant inflection points in temporal trends.
All analyses were performed using STATA 14.2 (College Station, TX) and Joinpoint Regression Program 4.6 (Statistical Research and Applications Branch, National Cancer Institute). The Kaiser Foundation Research Institute determined this study to be exempt from continuing review given the use of de-identified data.
RESULTS
Patient demographics
A total of 54,598 discharges for patients undergoing surgery for nonmalignant colorectal polyps were identified, representing an estimated 262,843 discharges nationally between 2005 and 2014. Cohort identification is summarized in Figure 1 , and patient baseline demographic characteristics are described in Table 1 . Approximately 40% of patients undergoing surgery were older than 70 years, and more than one-third of patients had concurrent comorbidities as defined by the CCI. The incidence of laparoscopic resections increased during the study period from 13.5% in 2005-2009 to 59.1% in 2010-2014.
Rate of in-hospital mortality and morbidity
Adjusted rates of in-hospital mortality and morbidity are summarized in 
Time trends in postoperative morbidity and mortality
On time trend analysis, the rate of postoperative mortality remained stable (APC: 23.8% [95% CI: 27.5%, 10.1%]; P 5 0.08). By contrast, the proportion of patients experiencing a postoperative adverse event decreased significantly (APC: 2 3.3% [95% CI: 25.1%, 21.5%]; P 5 0.002) ( Figure 2 ). On joinpoint regression, a statistically significant change in trend for postoperative morbidity occurred in 2008: before 2008, the rate of postoperative adverse events was stable (APC: 12.7% [95% CI: 2 3.2%, 18.9%]; P 5 0.31). After 2008, the rate of postoperative adverse events decreased significantly (APC: 26.1% [95% CI: 2 8.2%, 24.0%]; P 5 0.001).
Predictors of postoperative mortality and morbidity
Increasing age, male sex, black race, open surgical technique, and the presence of comorbidities increased the risk of postoperative mortality ( Table 3 ). The CCI was the strongest predictor of inhospital death: patients with $2 comorbidities had a 5.6-fold increased risk of postoperative mortality compared with patients without comorbidities. Open surgical technique (compared with laparoscopic surgery) and older age (per decade) were associated with an approximately 2-to 3-fold increased risk of in-hospital death, and female individuals had half the risk of death compared with male individuals. Patients on Medicaid had a 2.6-fold increased risk of in-hospital mortality compared with patients on Medicare.
The risk of postoperative morbidity was also associated with increasing age, male sex, black race, open surgical technique, and the presence of comorbidities (Table 3 ). Patients undergoing laparotomy had a 61% increased risk of postoperative morbidity compared with patients undergoing laparoscopic surgery. Medicaid coverage was associated with a 31% increased risk of postoperative adverse events, whereas private insurance was associated with an 11% reduction in postoperative morbidity compared with Medicare. Regional differences in postoperative morbidity were also observed: when stratified by census division, patients undergoing surgery in New England (22.9% [95% CI: 20.8%, 25.1%]) or Mid-Atlantic (22.5% [95% CI: 21.3%, 23.8%]) states had the lowest risk of postoperative adverse event (see Table 2 , Supplementary Digital Content, http://links.lww.com/ AJG/B290).
Impact on hospital LOS and cost
Mean LOS for patients undergoing surgery for a nonmalignant colorectal polyp was 6.3 days (SE: 0.03 days), and mean cost of hospitalization was $49,566.48 (SE: $591.90). In-hospital mortality resulted in a 134% increase in mean LOS (14.6 vs 6.2 days; P , 0.0001) and 234% increase in mean total hospitalization cost ($162,487.20 vs $48,613.18; P , 0.0001). In-hospital morbidity resulted in a 106% increase in mean LOS (10.3 vs 5.0 days; P , 0.0001) and 91% increase in mean total hospitalization cost ($77,015.24 vs $40,258.30; P , 0.0001).
DISCUSSION
Surgical referral for patients with nonmalignant polyps remains a common practice, and the incidence of surgery is rising (9, 13, 21, 22) . In this study, we analyzed more than 260,000 surgeries for nonmalignant colorectal polyps in a large US database over a 10-year period. Sampling from all geographic regions in the United States, capturing both small and large surgical volume hospitals, and including patients with all-payer coverage, we determined that nationally, approximately 1 in 4 patients will experience a postoperative adverse event and 1 in 125 patients will die in the hospital after surgery. Furthermore, a complicated postoperative course is associated with intensive resource utilization and the high risk of mortality and morbidity after surgery is notable when a safer endoscopic option exists.
Our primary objective was to determine generalizable, unbiased, national-level estimates of postoperative mortality and morbidity. Hence, we used the NIS to capture a wide breadth of discharges (.35 million weighted discharges annually), drawing from all states participating in the HCUP, representing .97% of the US population. However, because discharge-level rather than patient-or surgeon-level data were collected, the primary limitation of this study is that detailed polyp (histology, morphology, size), colonoscopy (operator, timing, attempted endoscopic resection), and healthcare provider (surgeon experience, gastroenterologist availability) data are not available. These factors may result in selection bias for cohort studies: for example, in areas with minimal access to endoscopic resection, older patients with multiple comorbidities at higher risk for postoperative mortality may still opt to undergo surgery. Alternatively, tertiary care centers may see a higher referral volume of complex cases that are predisposed to greater postoperative risk. Therefore, although we present national-level estimates, regional mortality and morbidity may vary.
We have attempted to mitigate the influence of these factors in several ways. First, although these confounders may be an important source of selection bias in smaller cohorts, their effects on large, population-based, national-level estimates are likely diluted when considering all discharges across all geographic areas. Second, we have included several surrogate measures of these confounders in our analyses, including hospital colectomy volume, teaching hospital status, urban vs rural location, and hospital region. Third, although specific polyp characteristics are important to consider for endoscopic resectability, their impact on colectomyrelated outcomes is unclear. It is probable that some polyp features, for example, tubular vs villous vs serrated histology, are unlikely to affect surgical mortality as we have selected nonmalignant, noninvasive polyps.
Previously, Peery et al. (8) reported a 14% risk of at least one major postoperative adverse event, a 7.8% risk of readmission within 30 days, a 3.6% risk of a second major operation, and a 0.7% risk of 30-day mortality using data from the NSQIP database. Although in-hospital mortality rates (0.8%) were similar to those previously reported, we found a substantially higher risk of postoperative morbidity (25% vs 14%). Differences in the risk of postoperative adverse events are likely multifactorial. Research using the NSQIP database may underestimate adverse events due to the quality improvement focus of the program, overrepresentation of academic tertiary care centers, or methodological heterogeneity in adverse event definitions. Although the NSQIP database has advantages for defining preoperative patient comorbidities and prospective collection of postoperative outcomes, the The American Journal of GASTROENTEROLOGY NIS database does not rely on volunteer participation and captures all types of hospitals, payers, and locations. Therefore, our mortality and morbidity estimates are more generalizable, particularly in non-NSQIP participating US institutions. In cohort-based studies, similarly high risks of postoperative adverse events have also been reported at 20%-30%, although these estimates are limited by sample size considerations (14, 23) . Comparatively, the most common complications associated with endoscopic resection include bleeding and perforation. Intraprocedural and delayed bleeding affect approximately 11% and 6% of polypectomies, respectively (24, 25) . In meta-analysis, the pooled risk of perforation after large polypectomies is approximately 1.5%, and mortality directly attributable to endoscopy or subsequent surgery after endoscopy is rare (0.08%) (26) . Given the lower reported rates of complications associated with endoscopic resection, our study provides additional support for clinical practice recommendations that all polyps should be considered for attempted endoscopic resection before referral for surgery (27, 28) . Nevertheless, we recognize that there may be circumstances in which surgery is the preferred treatment option for some individual patients. For example, surgery is indicated to manage lesions unsuitable for or after a failed endoscopic resection. Nonlifting lesions and polyps with signs of invasive cancer should undergo surgical resection (5) . The absolute incidence of these polyps is low. In meta-analysis, only 8.1% of patients with polyps $20 mm (predominantly laterally spreading sessile lesions) required surgery (26) . Furthermore, most polyps initially deemed unsuitable for endoscopic resection can be removed when evaluated by an expert endoscopist: Voloyiannis et al. identified that nearly 60% of patients avoided surgical resection when repeat colonoscopy with polypectomy was performed, and similarly, Friedland et al. identified that 71% of lesions referred for surgery were actually amenable to endoscopic resection (29, 30) .
Surgery may also be required to treat serious adverse events after polypectomy (5) . In this respect, there may be differences in referral patterns and case selection for nonmalignant polyps based on whether a gastroenterologist or surgeon performed the index procedure. Surgeons have ready recourse to resection in difficult or complicated cases and in patients harboring a covert cancer, whereas gastroenterologists may be more circumspect regarding lesion evaluation and endoscopic resection. Although these factors are unlikely to significantly impact national-level estimates of postoperative morbidity and mortality, they do highlight that regional differences in practice pattern are observed; correspondingly, we identified geographic disparities in postoperative morbidity. Finally, polypectomy performed in a large center of endoscopic excellence is not available in all jurisdictions: in these cases, patients may choose a local surgical approach rather than remote endoscopic service.
We demonstrated both patient-and system-related differences in the risk of postoperative mortality and morbidity after surgery for a nonmalignant colorectal polyp. Unsurprisingly, elderly patients with advanced comorbidities were at highest risk. In multivariable analysis, male and black patients were more likely to experience adverse outcomes; although this may relate to presentation with more advanced disease compared with female, non-black patients, as is observed with CRC, this requires additional investigation (31, 32) . Furthermore, although we adjusted for CCI burden on multivariable analysis, residual confounding with respect to comorbidities in male, black patients may persist. Patients on Medicaid and undergoing open laparotomy were also at higher risk for postsurgical adverse events. Given the more than 2-fold increased risk of mortality associated with open surgery, this study provides supporting evidence to exhaust laparoscopic options (33, 34) . Additionally, although surgery for a nonmalignant polyp may be considered less intensive compared with colectomy for inflammatory or malignant indications, the protective effect seen with laparoscopic surgery suggests that this remains a complex operation that may benefit from centralization of care in expert centers capable of performing minimally invasive procedures (35, 36) . In our study, a significant decrease in the rate of postoperative adverse events was observed. This is likely multifactorial and may relate to improvements in surgical techniques, decreased invasiveness of surgical procedures, optimized patient selection, national efforts to concentrate select surgical procedures in high-volume centers, surgical quality improvement initiatives, and improved perioperative and postoperative care pathways (37-41). Importantly, our study highlights the intensive resource utilization associated with a complicated postoperative course after surgery for nonmalignant colorectal polyps. Previous estimates of surgical cost for nonmalignant colorectal polyps range from approximately $16,000 to $19,000 per patient (7, 42) . These figures underestimate the costs associated with managing postoperative morbidity; in our analysis, patients with a complicated postsurgical course had approximately twice the LOS and the mean total cost of hospitalization exceeded $75,000. In the current era where healthcare expenditures are rising, treatment options that have comparable effectiveness and yet are safer and more cost effective should be considered.
Our study has some important limitations. First, administrative coding errors may introduce a source of misclassification bias. We used codes similar to those used in previous studies to identify surgery for nonmalignant colorectal polyps (9) , and postoperative adverse events after colectomy have been validated in an ulcerative colitis population (43) . As many jurisdictions in the United States transition to ICD-10 coding, diagnostic, procedural, and postprocedure complication coding should be prospectively validated to ensure accurate case ascertainment. Second, the NIS does not stratify postoperative adverse events by severity (e.g., by the Clavien-Dindo Classification) and does not contain polyp information such as size, histology, and previous attempts at endoscopic resection. Third, postoperative adverse events were presented by body system because ICD-9 administrative coding lacks the granularity to distinguish specific adverse events. Because there are no specific preadmission comorbidity vs postoperative complication diagnostic markers in the NIS, we have used postprocedure ICD-9 codes to maximize the specificity of our outcome definition (see Table 1 , Supplementary Digital Content, http:// links.lww.com/AJG/B290). This does not allow for more detailed characterization of complications, although it does minimize misclassification bias. Fourth, the level of analysis in the NIS is based on discharges, rather than individual patients limiting the ability to follow patients for adverse events occurring after the index hospitalization or determine their preoperative course with respect to colonoscopy and attempts at endoscopic resection. Finally, the NIS does not capture procedures occurring in ambulatory hospitals and surgical procedures with a same-day discharge. However, it is unlikely that a substantial number of colectomies are performed in ambulatory surgical centers in the United States and also have same-day discharges.
In conclusion, in this analysis of the NIS from 2005 to 2014, we found that the overall nationwide mortality rate after surgical resection for nonmalignant colorectal polyps was 0.8%, with an overall postoperative morbidity rate of 25.3%. These results will inform gastroenterologists, surgeons, and primary care physicians when having risk-benefit discussions on treatment options for nonmalignant colorectal polyps. Given that published data on endoscopic resection of large polyps is likely safer and more cost effective than surgery, patients with advanced nonmalignant polyp(s) should be considered for referral to an expert for potential endoscopic management, with surgery being reserved for patients in whom endoscopic resection is deemed unfeasible or has failed. 
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